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Typically, fast^ ravnp time requires an inefficient high 
energy heater, sine response time is valued mor than 
energy issues. In such cases, high power systems are 
utilized to alter temperature in a quick response cycle. 
On the oth r hand, highly efficient systems generally 5 
have slow intrinsic ramp speeds since the tenrtperature 
changes are controlled using a low energy level. 

Summary of the Invention 

10 

The subject invention is directed to a novel appara- 
tus and a method for thermal cycling nucleic add 
assays as claimed respectively in claims 1 and 5. 

In the preferred embodiment, a plurality of constant 
volumetric flow fluid strean^ are provided in parallel, is 
Each stream is of a different preselected temperature. 
Typically a superheated stream (above maximum sanrv 
pie temperature) and a chilled or ambient stream are 
provided. Each stream is independently introduced into 
a diverter/mixer. where varying ratios are combined to 20 
produce an output stream of a selected intermediate 
temperature at a volumetric fbw rate equal to the sum 
of the two individual input streams. 

The term "constant volumetric flow" refers to the 
movement of a substantially fixed volume of fluid per 25 
unit time. The mass of this volume is dependent on the 
density of the fluid, but is uninportant to the invention as 
constant volume is desired. The volumetric flow rate is 
substantially constarrt moving in and out of the sample 
chamber regardless of the source. As is understood by 30 
those skilled in the art. absolute constancy is not 
achievable due to system inefficiencies and to varia- 
tions in viscosity, humidity temperature arxi other like 
factors. However, deviations resulting from these factors 
are of no consequence to the operation of the invention. 3S 

The present invention permits the use of constant 
temperature fluid streams to instantaneously control the 
temperature of a blended output stream. This allows the 
use of low energy heat exchangers which may have 
slow intrinsic ramp speeds since only a constant tem- 40 
perature output is required in order to produce each 
component of the blended stream. Rapid ramping of 
samples can nevertheless be obtained by instantane- 
ously gating and blending the component streams, with- 
out having to alter the temperature of the entire body of 4S 
bathing fluid. Therefore, the method and apparatus of 
the subject invention can greatly reduce equipment 
costs and energy consumption, while at the same time 
increasing the overall responsiveness of the system. 

In the preferred embodiment of the invention, the so 
fluid medium of choice is air. Typically a first stream of 
air is heated to a selected tenoperature. substantially 
above the highest target temperature desired for the 
reaction sample. At least one additional stream of air is 
provided, which is typically substantially lower than the ss 
coolest target temperatur required for th sample. 
Contr lied, variable ratios of the heated airstream and 
the cooled air stream are then introduced into a mixing 



chamber via gating means for producing a blended air 
stream. By controlling the gate and the ratio of the first 
air stream to the s cond air stream, almost instantane- 
01^ changes in temperature of the blended air stream 
can be achieved, providing similarly r sponsive tenper- 
ature changes in the sample chamber. 

In one aspect of the invention, the blended temper- 
ature streams may be set at the desired target level and 
introduced directly into the controlled environment of 
the sample for altering the control temperature. In 
another aspect of the invention, the ranp speed for 
altering the temperature of the sample can be further 
accelerated by utilizing a blended air stream initially at a 
terrperature substantially beyond the target tempera- 
ture for the sample. This permits the sample to rapidly 
heat to a point near its target temperature, at which 
point the blended air stream is altered to maintain a tar- 
gel temperature. The sequencing of this alternative is 
dependent upon the hysteresis of the bath vessel and 
tiie sanfiple. As the sample approaches the target tem- 
perature, the blended air streams are adjusted to define 
a chamber temperature adapted for maintaining the 
sample at tiie target temperature for tiie specified 
period of time. After the sample has been held at the tar- 
get temperature for the specified period of time, the 
blended air stream is cooled by changing the ratio of 
heated air to cooled air. again almost instantaneously 
changing tfie chamber temperature, permitting tiie sam- 
ple temperature to be rapidly altered. 

By utilizing the thermal cycling method and appara- 
tus of the subject invention, it has been found that the 
sample can be held at the target temperature for peri- 
ods of less than one second in duration by diverting the 
constant temperature air streams and controlling the 
ratios thereof to control the blended air stream which is 
introduced into the sample chamber. 

. Utilizing air as the medium of choice eliminates dis- 
posal and recycling problems since room air can be 
used for both air streams. One particular advantage of 
tiie subject invention is the elimination of inefficient, 
high energy heating/cooling systems since the slow 
intrinsic ramp time of such a heating and cooling system 
is no longer an Issue. The invention has been found to 
be particularly useful in sanrtples where ramp time is a 
critical factor and temperature change has to be accom- 
plished in very precise, controlled time inten^als. 

It is. therefore, a feature of the subject invention to 
provide a thermal cycling device and metiiod which per- 
mits rapid, controlled ramping of assay samples artd 
rapid temperature change of sample environments. 

Otiier objects and features of the invention will be 
readily apparent from tiie accompanying drawings and 
detailed description of the preferred embodiments. 

Brief Description of the Drawings 

Rg. 1 is a flow diagram of a fluid control circuit in 
accordance with the subject invention. 
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stant temperature, the intrinsic ramp time of the chilling 
or cooling apparatus is not critical. The constant tem- 
perature cooled air is then delivered at transfer line 26. 
Optionally, the chiller is omitted and air at ambient tem- 
perature is used In its place. 

In the embodiment of Fig. 2, a pair of danper sys- 
tems 28 and 30 are placed in parallel and each has an 
input port 32 adapted for receiving the stream in lin^ 
18 arrd 26. respectively. Each damper also includes an 
output port 34 and an exhaust or retum port 36. 

Each damper system has a diverter gate system as 
diagrammatically illustrated at 38. In operation, treated 
air from the heater or the chiller enters the respective 
damper via the input port 32. When the gate 38 is 
shifted to block exhaust port 36. all air entering the 
diverter through port 32 is exited through port 34 and 
into the common conduit 40. It will be recognized that 
the ratio of chilled air to heated air can be controlled by 
selectively controlling the position of the respective 
gates 38. The ratio can vary from zero percent (0%) 
chilled air and one hundred percent (100%} heated air 
to zero percent (0%) heated air and one hundred per- 
cent (100%) chilled air. since the position of the gates 
are infinitely variat^le. This permits the commingled air 
in the combined fluid stream of conduit 40 to be of any 
select temperature between the lowest temperature 
provided by the chilled air and the highest temperature 
provided by the heated air. 

The blowers 12 and 20 are in parallel as are the 
heater 16 and the chiller 24. The gates 38 are controlled 
to provide a combined fluid stream exiting through the 
respective ports 34. This combined or commingled 
stream Is present in tiie common conduit 40 and is at a 
constant volumefric flow rata Thus, the blended stream 
in line 40 is controlled to generate the entire tempera- 
ture range required for thermal cycling the samples. 

The commingled air stream is then introduced into 
a mixer 42 where it is blended to produced a homogene- 
ous, controlled temperature fluid flow in line 44. The f bw 
may be controlled through a series of baffles in tiie man- 
ner well known to those who are skilled in the art to 
assure a smooth flowing, homogeneous flow. This 
blended stream is introduced via the transfer conduit 44 
into the cycling or sampling chamber 10. 

In the preferred en^bodiment. tiie sample chamber 
10 may include means for supporting one or more sanr>- 
ple specimens. By way of example, it has been found 
that suspension of the specimens on a suitable suspen- 
sion wire or the like minimizes contact of the spedmen 
vials with any potential surface that could act as either 
an insulator or a heat-sink and affect tiie ramp up and 
ramp down times of tiie specimen during the thermal 
cycling. In ttie preferred embodiment, ttie samples may 
be suspended in the sample chamber from a suitable 
hanger such as a wire rack or the like. Suspended sam- 
ple tubes may also serve adequately as baffles, thereby 
obviating tiie mixer 42. 

Th fluid stream through the sample chamber is 



exited via the transfer conduit 46. The specimen is con- 
tinuously in contact with a nrtoving fluid stream having a 
constant volumetric flow rate with an almost instantane- 
ously variable tenperature. The temperature niay be 

5 rapidly changed by shifting the controlled gates 38 in 
tiie damper systems 28 and 30. respectively, tiie tem- 
perature of the fluid stream 44 being nearly instantane- 
ously responsive to the repositioning of the gates. In the 
emtKxliment of Fig. 2, the fluid exited from chamber 10 

w via conduit 46 is introduced to tiie input sides of the 
blowers 12 and 20. Likewise, the excess exhaust fluid 
exhausted via tiie respective ports 36 of tiie damper 
systems 28 and 30 is reintroduced into the fluid stream 
via recirculating patiis 48 and 50. respectively The 

15 recirculation paths are coupled to the exhaust paths 46, 
as diagrammatically shown at 52 and 54, respectively. 
The relative intake of blowers 12, 20 from conduit 46 is 
proportional to the output from each blower which is 
gated tiirough dampers 28, 30 to tiie mixer 42 and sam- 

20 pie chamber 10, tiius maintaining a substantially con- 
stant volumetric flow rate throughout the closed system. 

An alternative embodiment is shown in Rg. 3. This 
has been found to be the preferred embodiment of the 
invention, since tiie addition of blower 60 has been 

25 found to allow tiie system to operate witii a minimum 
waste of energy in the heater (16) and chiller (24). The 
additional pump or blower 60 has been inserted in the 
system in parallel with tiie pump or blowers 12 and 20, 
with input from the exhaust system conduit 46 and out- 

30 put being introduced directly into tiie mixer 42 via tiie 
conduit 62, in parallel with the commingled sti-eam from 
conduit 40. 

By providing proper gating or dampening at mixer 
42, the blower 60 works in conjunction with tiie blowers 

35 12 and 20 to permit heated or chilled air to be intro- 
duced into the mixer 42 only as required while maintain- 
ing a constant volumetric slow rate through tiie mixer 42 
and sample chamber 46. For example, when a sample 
target terrperature has been reached and must be 

40 maintained, dampers 28. 30 can botii be closed down to 
exhaust the majority of the output of blowers 12 and 20 
through their recycle paths 48 and 50. This causes 
blower 60 to intake the majority of output from sample 
chamber 10 via conduit 46, and to re-circulate it back to 

45 sample chamber 10 without a tenperature adjustment. 
This process continues until the tenperature monitor 
calls for a decrease or increase in tenperature, where 
upon tiie chiller damper 30 or heater damper 28 is 
opened to make the adjustment It has been found that 

50 the addition of blower 60 has a minimum impact on the 
temperature cycling and response time of ttie system 
and allows heated or chilled air to be introduced into the 
sample chamber 46 only as required. 

A tiiird emlxxjiment utilizing a single sample 

55 damper 70 is shown in Fig. 4. This embodiment is par- 
ticularly useful when system cost considerations are a 
factor. As there shown, the damper 70 includes an 
ambient air input port 72 and a heated air input port 74. 
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As in the prior embodiments, the blower 12 is associ- 
ated with the heater 16 via the input conduit 14 for pro- 
ducing heated air in conduit 18 which then is introduced 
via the input port 74 into the damper 70. in this embod- 
iment, a secorvi blower 80 is adapted for receiving 5 
ambient exterior air, as indicated by arrow A for intro- 
ducing a constant flow of ambient air via conduit 82 into 
the ambient air input port 72. The damper 70 includes a 
gate 38 operating in the same manner previously 
described for controlling the ratio of heated air and 70 
ambient air which is output via the output port 84 into 
the common or blended air conduit 40. The blended air 
is introduced into the mixer 42, as in the previous 
embodiments, for producing a blended, having a con- 
stant volumetric fluid stream flow rate on conduit 44 tor 75 
introduction into the sample chamber 10. The exhaust 
system 46 is connected directly to the heated input 
blower 12 via conduit 86, with an open exhaust at 88 to 
the room. Because of the open exhaust 88. this embod- 
iment also operates with a minimum of back pressure, 20 
assuring that a constant volumetric flow rate fluid 
stream is produced. This system is ideal when the low- 
est temperature the samples must achieve in the cycling 
chamber 10 is at or above ambient tenperature. Of 
course, it will be understood that a chilled air could be 2s 
introduced into port 72 of the single damper 70 to lower 
the low temperature end of the ramp. 

Dampers can be any known device. The diverters 
of the dampers may be controlled by standard equip- 
ment, such as stepper motors under computer control. 30 

The drawing figures are diagrammatic only, espe- 
cially with regard to conduits. In actual construction, 
such conduits are minimized so as to decrease dead 
space volume and to assure the essentially instantane- 
ous effect of a gating change in fluid flow. 35 

As mentioned, the pumps or blowers used in this 
invention should be of a type that moves a constant vol- 
ume of fluid against a constant backpressure. Such 
pumps are exemplified by the class of pumps known as 
"centrifugal" pumps or blowers. They are characterized 40 
by an ability to produce a constant volumetric flow, and 
by an ability to produce an output that varies inversely 
with the pressure against which they pump. TTius, in 
Figure 3 for example, when one desires to raise the 
temperature of the fluid stream bathing the samples, the 45 
gate from the heater 16 is opened to flood the common 
conduit 40 with heater fluid. This causes blower 60 to 
encounter increased backpressure and to reduce its 
output automatically. 

Experiments establishing the viability of the system so 
have been performed with good results, wherein the air 
stream was able to be maintained at a constant flow of 
1.3 vr?/m\n (45.63 CFM). when utilizing a heat gun, 
model HG501 A, availat>le from Master Appliance Com- 
pany. Racine. Wisconsin, with a maximum tenrperature ss 
of approximat ly 126**C at 1,680 watts. The nozzle air 
velocity was maintained at 914 m/hriin (3,000 fpm), with 
a nozzle exit diameter of 1 .67 in. to achieve a flow of 0.7 



m^/min (24.7 SCFM (standard cubic feet per minute)). 

The experimental sanples contained water in an 
Eppendorf® brand .5 ml. spherical bottom polypropyl- 
ene microcentrifug tube with an attached ltd, as is 
standard in the industry. Each tube contained 60 micro- 
liters of water. 

The lid was drilled to accept a pair of thermocouple 
wires. The thermocouple used was Omega PN TT-T-30, 
T Type, 0.025 cm (.010 inch) wire diameter. The junction 
at the cap was welded with a weld bead diameter of 
approximately 0.076 cm (0:030) inches. The junction 
was positioned at approximately the center of the liquid 
in the tube. An Omega Digital Thernwmeter, Model HH- 
73T, was used to monitor the sample tenperature. Dur- 
ing the experiment, the sample temperature was at an 
initial temperature of ZZ'C and could be brought to a 
peak tenperature of 100*C in a period of approximately 
thirty (30) seconds. The vial could then be cooled from 
the peak tenperature of 1 00°C to the initial tenperature 
of 22<'C in a period of approximately 4.5 minutes using 
ancient air as the cooling medium. 

It was further established by increasing the heated 
tenperature level to a level five times higher than the 
target tenperature and bringing the chamber tenpera- 
ture to a level initially higher than the target tenperature 
for the vial, that the ramp speed could be substantially 
increased. By injecting 126°C air into the chamber, the 
sample coukJ be heated from 50° C to 85° C within 1 2 to 
15 seconds. Likewise, by injecting cooling air at a sub- 
stantially lower temperature, than the target tenpera- 
ture. for example, 22° air, the sample was cooled from 
85°C to 50°C in approximately 60 to 75 seconds, greatly 
increasing the cooling ramp speed. 

In the exemplary emtxxiiments. it is contemplated 
that a fluid surface area of the sample chamber will be 
constructed of a material having minimum "heat sink- 
characteristics, further assuring that the cycling cham- 
ber 10 is quickly responsive to a change in gate position 
by gates 38 of the dampers 28 and 30. Of course, insu- 
lation and selection of materials have an important role 
in these issues. 

Phase diagrams demonstrating operating cycles for 
tiie thermal cycling system as described herein are 
illustrated in Rgs. 5 and 6. With specific reference to 
Rg. 5. the tenperature axis is vertical and the time 
duration is shown on the horizontal line. TR represents 
room tenperature and is presumed to be the initial tem- 
perature of the sample. In the example illustrated, the 
chilled air is at a constant temperature substantially 
below room temperature, as indicated by TO. The 
heated air stream is at a constant tenperature substan- 
tially above room temperature, as indicated by TH. 

It will be understood that in certain applications, 
ambient room temperature air may be utilized in lieu of 
the chilled air or the heated air or in combination with 
both streams. Using Fig. 2 as an example, the sanple is 
placed in the chamber 10 at time tO, at room tenpera- 
ture TR. The thermal cycling is then initiated at time tO 
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by adjusting the baffle gates 38 in dampers 28 and 30 to 
produce a blended air stream of a temperature corre- 
sponding to the target sample terrtperature TS. The 
sample temperature then begins to rise, as indicated 
and reaches the target temperature TS at time t2. The 5 
sample will be rirtaintained at this tenperature for as 
long as the blended air stream is held at the target level, 
or until tS. When the sample has been heated for the 
appropriate period of time as indicated at t3, the baffle 
gates in dampers 28 and 30 are acljusted to bring the 70 
blended air stream temperature down to either room 
temperature TR or another selected temperature and 
the sample begins to cool down, reaching the lower 
blended air stream temperature at time t4. where it will 
stay until the tenrtperature of the blended air stream is 75 
again adjusted or the sample is renKived from the sam- 
ple chamber 10. 

A super heating and/or super cooling cycle is illus- 
trated in Fig. 6. This cycle method is useful when fast 
rarrp up and ramp down times are desirable. Again 20 
using the embodiment of Rg. 2 as an exannple. a sam- 
ple is placed in chamber 10 at room temperature TR at 
time to. The cycle begins at time t5. when the baffle 
gates in dampers 28 and 30 are adjusted to produce a 
blended air stream at a temperature TA, which is sub- 25 
stantially higher than tiie target sample temperature TS. 
Of course, TA may be as high as TH. The sample tenr>- 
perature begins to rapidly rise in response to its contact 
with the super heated air. As tiie sample temperature 
approaches the target temperature TS. the baffles are 30 
adjusted to reduce the blended air temperature to TS as 
indicated at time t6. with the sample reaching target 
temperature TS at time t7. The sample will stay at this 
temperature for as long as the blended air is maintained 
at the target temperature TS, or until t8. as indicated, ss 
Where it is desired to rapidly cool the sample, the 
blended air can be adjusted to a super cooled to a tem- 
perature TB. substantially below room terrperature TR 
as indicated at time t8. TB may be as low as TO. As the 
sample approaches room temperature TR or another 40 
preselected final temperature, tiie blended air tempera- 
ture Is adjusted as indicated at time t9. 

The metiiod as demonstrated in Rg, 6 relies on the 
natural hysteresis of the sample to permit either or both 
super heating and super cooling to maximize ramp 45 
times. Specifically, by overshooting the target sample 
temperature TS, ttie transition time between TR and TS 
is greatly accelerated. This may be utilized to quickly 
elevate the sample temperature as between time points 
t5 and tS and/or to quickly reduce sample temperature so 
as between t8 and t9. This permits the cycling of sam- 
ples requiring quick temperature change, utilizing con- 
stant temperature streams as indicated by TH and TO. 
The gap between times t6 and t7 and/or between t8 and 
t9 IS dictated by the natural hysteresis of the sanriple. ss 
Typically, a greater differenc between the target sam- 
ple tenperature TS arxJ the overshoot temperature TA 
or TC results in a faster ramp speed. This method not 



only permits control of tiie sample tenperature through- 
out the cycle but also permits control f the transition 
time between a plurality of target points. 

While certain features and embodim nts of tii 
invention have been described in detail heren, it will be 
readily apparent that the Invention encompasses all 
modifications and enhancements wrttiin the scope of 
the following claims, as provided for by Art 69 of the 
EPC. 

Where technical features mentioned in any daim 
are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing 
tiie intelligibility of the claims and accordingly, such ref- 
erence signs do not have any limiting effect on the 
scope of each element identified by way of example by 
such reference signs. 

Claims 

1. An apparatus for tiiermal cycling nucleic acid 
assays, comprising: 

a. a sample chamber (10) for holding a nucleic 
acid specimen; 

b. a first fluid source (12) for providing a first 
fluid stream rhaintalned at a first predetermined 
temperature; 

c. a second fluid source (20) for providing a 
second fluid stream which is separate from 
said first fluid stream and which is maintained 
at a second predetermined temperature; 

d. a mixing device (42) for receiving independ- 
ently both said first and said second fluid 
streams from said first and second fluid 
sources (12, 20). and for commingling said first 
and second fluid streams in variable, controlled 
ratios for producing a homogeneous fluid 
stream of a preselected temperature in a range 
between said first and second predetermined 
temperatures; said mixing device (42) being in 
fluid communication with said sample chamber 
(10) so that said homogenous fluid stream hav- 
ing tiie temperature obtained from the mixing of 
said two separate first and second fluid 
streams is fed into the said sample chamber; 

e. means (28. 30; 70) for varying the ratio of 
first and second fluid streams; and 

f. an exit system (46) for removing the blended 
fluid stream from said sample chamber (10). 

2. The apparatus according to claim 1 , furtiier includ- 
ing: 

a heater (16) for heating said first fluid stream 
to a temperature above ambient temperature 
before said fluid stream enters the mixing 
device (42); 

a chiller (24) for cooling said second fluid 
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stream to a temperature below ambient tem- 
perature before said second fluid stream enters 
the mixing device (42); 

means (48, 50) for maintaining both said first 
and said second fluid streams at a constant s 
volumetric flow rate; and 
a control system associated with the mixing 
device (42) lor selectively varying the ratio of 
said first fluid stream to said second fluid 
stream in the blended fluid stream. io 

The apparatus according to claims 1 or 2. wherein 
said mixing device further comprises a mixing 
chancer (42) having input ports for receiving said 
first and second fluid streams, and a single exit port rs 
in communication with a transfer system (44) for 
Introducing a blended fluid stream to said sample 
chamb^ (10); and wherein said means (28. 30) for 
varying the ratio comprises a gate system (38) in 
communication with said mixing chamber (42) for so 
selectively restricting the respective flow of one or 
botii of said first and second fluid streams. 

The apparatus according to claim 3, wherein ttiere 
are two input ports in parallel and wherein said gate 25 
system (38) comprises a single diverter valve in 
simultaneous communication with each of said 
ports, or 

wherein said gate system (38) comprises a 
pair of diverter valves, one each in communication 30 
with one of said input ports. 

A metiiod for thermal cycling a sample comprising 
the steps of: 

35 

a. providing a plurality of separate component 
fluid streams each from a distinct source main- 
tained at a constant temperature and blending 
ttiem so that a homogenous composite fluid 
stream of a preselected temperature is 4o 
obtained 

b. directing and inti'odudng the flow of said 
composite stream having said obtained prese- 
lected temperature directly into the environ- 
ment of said sample to achieve a first sanrple- 45 
target temperature; 

c. maintaining saki first sample-target-temper- . 
ature for a preselected period; 

d. adjusting said composite stream to achieve a 
second sample-target-temperature, wheran so 
said adjusting is achieved by selectively blend- 
ing in varying ratios said component fluid 
streams; and 

e. maintaining said second sample-target-tem- 
perature for a preselected period. ss 

The method of claim 5, wherein said composite 
stream of step (a) has a temperature substantially 



the same as said first sample-target-tempierature. 

7. The method of daim 5, wherein said composite 
stream of step (a) initially has a temperature dispa- 
rate from said first sample-target-temperature and 
after a time sufficient to substarttially achieve said 
first sample-target-temperature, said composite 
stream is altered to a temperature substantially ti^e 
same as said first sample target-temperature. 

8. The method of one or wore of claims 5-7, wherein 
said adjusted composite stream of step (d) has a 
temperature substantially tfie same as said second 
sample-target-temperature. 

9. The method of one or more of claims 5-7, wherein 
said adjusted composite stream of step (d) initially 
has a temperature disparate from said second sam- 
ple-target-temperature and after a time sufficient to 
substantially achieve said second sample-target 
temperature, said adjusted composite stream is 
altered to a temperature substantially the same as 
said second sanrple-target temperature. 

10. The method of one or more of claims 5-9. wherein 
said plurality of component fluid streams comprises 
at least one component fluid stream at a tempera- 
ture higher tiian ambient temperature, and at least 
one component fluid stream at a temperature lower 
than ambient temperature. 

11. The method of one or more of claims 5-9. wherein 
said plurality of component fluid streams corr^rises 
three component streams wherein one component 
fluid stream is at a tenperature higher than ambient 
tenperature. one component fluid stream is at a 
temperature lower than ambient temperature and 
one component fluid stream is fluid recirculated into 
said sample environment. 

1 2. The method of one or more of claims 5-1 1 . wherein 
said first sample-target temperature and said sec- 
ond sample-target-temperature are repeatedly 
achieved. 

13. The method of one or more of claims 5-12, wherein 
said sample is a nucleic acid and wherein said first 
and second sample target temperatures are first 
and second nucleic acid target-temperatures, 
respectively. 

PatentansprQche 

1 . Vorrichtung zur Durchf Qhrung von Nukleinsdureas- 
says mrthilfe von TemperaturzyMen, die folgerdes 
umfaBt: 

a. eine Probenkammer (10). um eine Nuklein- 
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sdureprobe aufzunehmen; 

b. eine erste Flukiquelle (12), urn einen ersten 
FfukJstrom bereitzustellen, der auf einer vorbe- 
stimmten ersten Temperatur gehatten wird; 

c. eine zweite Ruidquelte (20), urn einen zwei- s 
ten Ruidstrom bereitzustellen, der vom ersten 
Fluidstrom getrennt ist und der auf einer zwei- 
ten vorbestlmmten Temperatur gehalten wird; 

d. eine Mischvorrlchtung (42), um unabhdngig 
SGfwohl d&y ersten als auch zwerten Fluidstrom io 
aus der ersten und zwerten Fluidquelle (12, 20) 
aufzunehmen und um den ersten und zweiten 
Fluidstrom in veranderljaren. gesteuerten Ver- 
haftnissen zu vermischen, damit ein homoge- 
ner Fluidstrom einer vorab ausgew^iten is 
Temperatur in einem Bereich zwisclien der 
ersten und der zwerten vorbestlmmten Tempe- 
ratur erzeugt wird; wobei die Mischvorrichtung 
(42) in Rurdverblndung zu der Probenkammer 
(10) st^t, so daB der honrK)gene Fluidstrom, 2o 
der die Temperatur aufweist. die aus dem Ver- 
mischen der zwei getrennten ersten und zwei- 
ten FluidstrOme erhalten wird. der 
Probenkammer zugefOhrt wird; 

e. ein Mrttel (28, 30, 70), um das Verhdltnis des 25 
ersten und zwerten Ru'idstroms zu ver&idern; 
und 

1 ein Austrittsystem (46), um den vermengten 
Fluidstrom aus der Probenkamner (10) zu ent- 
fernen. so . 

2. Vorrichtung nach Anspruch 1, die des werteren fbl- 
gendes umfaBt: 

einen Heizapparat (16), um den ersten Fluid- ss 
Strom auf eine Temperatur zu erhitzen, die uber 
der Umgebungstemperatur liegt. bevor der 
Fluidstrom in die Mischvorrichtung (42) eintritt; 
einen Kuhtapparat (24), um den zweiten Fluid- 
strom auf eine Temperatur zu kuhlen, die unter 40 
der Umgebungstemperatur liegt bey/or der 
zweite Ruidstrom in die Mischvorrichtung (42) 
eintritt; 

ein Mittel (48, 50), um sowohl den ersten als 
auch den zweiten Fluidstrom auf einer kon- 45 
stanten volumetrischen RieBgeschwindigkeit 
zu hahen; und 

ein mit der Mischvorrichtung (42) verknOpftes 
Steuersystem, um das Vertidltnis des ersten 
Fluidstroms und des zweiten Flutdstroms rm so 
vermengten Fluidstrom selekt'rv zu verdndern. 

3. Vorrichtung nach den Anspruchen 1 oder 2, worin 
die Mischvorrichtung des werteren erne Mischkam- 
mer (42), die zum Aufnehmen des ersten und zwei- ss 
ten Fluidstroms uber eine EinlaBdffnung verfugt, 
und eine rnzelne AustrittsOffnung umfaBt die in 
Verbindung mit einem Ubertragungsystem (44) 



steht, damit ein vermengter Fluidstrom in die Pro- 
benkammer (10) eingeschteust wird; und worin das 
Mittel (28, 30) zum Verdrvjem des Verhaitnisses ein 
Schleusensystem (38) umfaBt das mit der Misch- 
kanimer (42) In Verbindung steht, um den jewelli- 
gen RuB des ersten Oder des zwerten Fluidstroms 
Oder beider selektiv einzuschranken. 

4. Vorrichtung nach Anspruch 3. worin sich zwei par- 
allele EinlaBOffnungen bef'mden und worin das 
Schl^sensystem (38) ein einzelnes Abzweigventil 
in gleichzeltiger Verbindung mit jeder der Offnun- 
gen umfaBt bzw. 

worin das Schleusensystem (38) ein Paar 
von Abzweigventilen umfaBt, von denen ein jedes 
mit einer EinlaBOffnung In Verbindung steht 

5. Verfahren fQr die Wdrmezyklenbehandlung einer 
Probe, das fotgende Schrrtte umfaBt: 

a. das Berertstellen und Vermengen einer 
Mehrzahl von getrennten Ruidstrom-Bestand- 
teilen, jeder aus einer anderen Quelle, die auf 
einer konstanten Temperatur gehalten wird. so 
daB ein homogener zusammengesetzter Fluid- 
strom einer vorab ausgewdhlten Temperatur 
erhalten wird; 

b. das Lenken und Einbrrngen des Russes des 
zusammengesetzten Stroms, der uber die 
erhaltene vorab ausgewShfte Temperatur ver- 
fOgt. unmittelbar in die Unr^ebung der Probe, 
um eine erste Proben-Solltemperatur zu erzie- 
len; 

c. das Beibehalten der ersten Proben-Solltem- 
peratur Qber eine vorab ausgewdhlte Zeit- 
spanne; 

d. das Einstellen des zusammengesetzten 
Strong, um eine zwerte Proben-Solltemperatur 
zu eaielen, worin das Einstellen durch das 
selektive Vermengen erreicht wird, indem die 
Ru'rdstrombestandteile in wechselnden Ver- 
hdltnissen selekt'rv venmischt werden; und 

e. das Beibehalten der zwerten Proben-Ziel- 
Temperatur Qber eine vorab ausgewdhlte Zeit- 
spanne. 

6. Das Verfahren nach Anspruch 5. worin der zusam- 
mengesetzte Strom aus Schritt (a) uber eine Tem- 
peratur verfOgt die im wesentlichen dieselbe wie 
die erste Proben-Solltemperatur ist. 

7. Das Verfahren nach Anspruch 5, worin der zusam- 
mengesetzte Strom aus Schritt (a) anfftnglich eine 
Temperatur aufweist die sich von der ersten Pro- 
ben-Solltemperatur unterscheidet, wobei nach 
einer Zeitspanne, die ausreicht, um die erste Pro- 
ben-Solltemperatur im wesentlichen zu erreidien, 
der zusamm ngesetzte Strom auf eine Temperatur 
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verdndert wird, die im wesentlichen die gleiche wie 
die erste Proben-Solftemperatur ist 

8. Das Verfahren von einem oder mehreren der 
AnsprQche 5-7. wprin der eingestellte zusammen- 5 
gesetzte Strom aus Schrttt (d) ane Temperatur auf- 
weist die im wesentlichen die gleiche wie die 
zweite Proben-Solltemperatur ist 

9. Das Verlahren nach einem oder mehreren der io 
AnsprOche 5-7, worin der eingestellte zusammen- 
gesetzte Strom aus Schritt (d) anfangllch eine Tem- 
peratur aufweist die sich von der zweiten Proben- 
Splltemperatur unterscheidet. wobei nach einer 
Zertspanne. die ausreicht, urn im wesentlichen die is 
zweite Proben-Solltemperatur zu erreichen, der 
eingestellte zusammengesetzte Strom auf eine 
Temperatur ver&ndert wird» die im wesentlichen 
dieseibe wie die zweite Proben-Solltemperatur ist. 

20 

10. Das Verlahren nach einem oder mehreren der 
AnsprQche 5-9. worin die Mehrzahl der Ruidstrom- 
Bestandteile mindestens einen Ruidstrom- 
Bestandteil bei einer Tenrperatur umfaBt, die hdher 

als die Umgebungstenrperatur ist, und mindestens 25 
einen Fluidstrom-Bestandteil bei einer Temperatur 
umfaBt, die niedriger als die Umgebungstenrperatur 
ist. 

11. Das Verlahren nach einem oder mehreren der so 
AnsprQche 5-9. worin die Mehrzahl von Fluidstrom- 
Bestandteilen drei Strom-Bestandteile umfaBt, 
worin ein Fluidstrom-Bestandteil bei einer Tempe- 
ratur liegt. die hOher als die Umgebungstemperatur 

ist. ein Ruidstrombestandteil bei einer Temperatur as 
liegt. die niedriger als die Umgebungstemperatur 
ist. und ein Ruidstrom-Bestandteil Fluid ist, das in 
die Probenumgebung zurQckgef Qhrt wird. 

12. Das Verfahren nach einem oder mehreren der 40 
AnsprQche 5-1 1 , worin die erste Proben-Solltempe- 
ratur und die zweite Proben-Solltemperatur wieder- 
hort enreichtwerden. 

13. Das Verfahren nach einem oder mehreren der 45 
AnsprQche 5-12, worin die Probe eine NuMeinsdure 

ist und worin die erste und die zweite Proben-Soll- 
temperatur jeweils eine erste und zweite NuMein- 
sdure-Solltemperatur sind. 

50 

Reyendlcatlons 

1. Appareil pour cydage thermique de dosages 
d'acide nucl^que comprenant : 

55 

a. une chambre d'^hantillon (10) destine k 
contenir un sp^imen d'add nuct6ique ; 

b. une premiere source de fluide (12) destine 



k d^livrer un premier courant de fluide mairi- 
tenu k une premiere temperature pr§d6termi- 
n^e; 

c. une seconde source de fluide (20) destin^e k 
d^livrer un second courant de fluide qui est dis- 
tinct dudit premier courant de fluide et qui est 
maintenu k une seconde temperature pr^d^- 
terniinee ; 

d. un dispositif (42) de melange destine k rece- 
voir independamment k la fois ledit premier et 
ledit second courants de fluide desdites pre- 
miere et seconde sources de fluide (12, 20). et 
k meianger ensemble lesdits premier et 
second courants de fluide dans des rapports 
variables, commandes. pour produire un cou- 
rant de fluide homogene d'une temperature 
predeterminee dans une plage entre lesdites 
prenrtiere et seconde temperatures predeterml- 
nees ; ledit dispositif de melange (42) etant en 
comnujnication fluidtque avec ladite chancre 
d'echantillon (10), de fagon k deiivrer, dans 
ladite chanrtsre d'echantillon. ledit courant de 
fluide homogene ayant la temperature obtehue 
par le melange desdits deux premier et second 
courants de fluide distincts ; 

e. un moyen (28, 30 ; 70) destine k faire varier 
le rapport des premier et second courants de 
fluide ; et 

f . un systeme de sortie (46) destine k faire sor- 
tir, de ladite chambre d'echantillon (10), le cou- 
rant de fluide melange. 

2. Appareil selon la revendication 1. comprenant en 
outre : 

un rechauffeur (1 6) destine k chauffer ledit pre- 
mier courant de fluide k une temperature au- 
dessus de la temperature anibiante avant que 
ledit courant de fluide n'entre dans le dispositif 
(42) de melange ; 

un refrddisseur (24) destine k refroidir ledit 
second courant de fluide k une temperature 
au-dessous de la temperature ambiante avant 
que ledit second courant de fluide n'entre dans 
le dispositif (42) de melange ; 
un nrrayen (48, 50) destine k maintenir k la tbis 
ledit prennier et ledit second courants de fluide 
k un debit volumetrique constant ; et 
un systeme de commande assode au dispositif 
(42) de melange pour faire varier seiectivement 
le rapport dudit premier courant de fluide audit 
second courant de fluide dans le courant de 
fluide melange. 

3. Appareil selon la revendication 1 ou 2. dans lequel 
ledit dispositif de melange conrtprend en outre une 
chambre (42) de melange ayant des orifices 
cTentree destines k recevoir lesdits premier et 
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second courants de f luide, et un unique oriftce de 
sortie en communication avec un system (44) de 
transfert destin6 k introduir un courant de fluide 
m6lang6.dans ladite chancre (10) d'^chantillon ; et 
dans lequel ledtt nrtoyen (28, 30) destine k faire 5 
varier )e rapport comprend un syst^me (38) de 
porte en communication avec ladite chambre (42) 
de melange pour limiter s^lectivement le flux res- 
pectif de Tun ou des deux desdits premier et 
second courants de fluide. w 

4. Appareil selon la revendication 3, dans lequel il y a 
deux orifices d*entr6e en parall^le et dans lequel 
ledit syst^me (38) de porte comprend une unique 
soupape de partition en communication simultan^e is 
avec chacun desdits orifices ; ou 

dans leque! ledit syst§me (38) de porte com- 
prend une paire de soupapes de partition, chacune 
en communication avec I'un desdits acc^ d'entr^e. 

20 

5. Proc6d6 de cydage thermique d'un ^hantillon 
comprenant les Stapes : 

a. de d^livrance de plusieurs courants de fluide 
composants distincts, chacun provenant d'une 2s 
source distincte maintenue k une temperature 
constante, et de melange de ceux-ci de fagon k 
obtenir un courant de fluide composite homo* 
g^he d'une temperature choisie pr^alablement 

; 30 

b. denvoi et ^introduction du flux dudit courant 
composite, ayant obtenu ladite temperature 
choisie pr^alablement. directement dans Tenvi- 
ronnement dudit echanti lion pour atteindre une 
premiere temperature dble d'echantillon ; 35 

c. de n^intien de ladite premiere temperature 
cible d'echantillon pendant une periode choisie 
prealablement ; 

d. de reglage dudit courant composite pour 
atteindre une seconde temperature cible 40 
d'echantillon, ledit reglage s'obtenant en 
meiangeant seiectivement, dans des rapports 
variables, lesdits courants de fluide ; et 

e. de maintien de ladite seconde temperature 
cible d'echantillon pendant une periode choisie 45 
prealablement. 

6. Precede selon la revendication 5, dans lequel ledit 
courant composite de retape (a) a une temperature 
qui est sensiblement la meme que ladite premiere so 
temperature cible d'echantillon. 

7. Procede selon la revendication 5. dans lequel ledit 
courant composite de retape (a) a, initialement, 
une temperature distincte de ladite premiere tem- 55 
perature cible d'echantillon et, apres un temps suf- 
fisant pour atteindre sensiblement ladite premiere 
temperature cible d'echantillon, ledit courant com- 



posite est modif ie pour avoir sensiblement une t©n- 
perature qui est la m§me que ladite premiere 
temperature cible d'echantillon. 

8. Procede selon une ou plusieurs des revendications 
5^7. dans lequel ledit courant composite regie de 
retape (d) a une temperature qui est sensiblement 
le meme que ladite seconde temperature dble 
d'echantillon. 

9. Procede selon une ou plusieurs des revendications 
5^7, dans lequel ledit courant composite regie de 
retape (d) a, initialement, une temperature distincte 
de ladite seconde temperature cible d'echantillon 
et, apres un temps suffisant pour atteindre sensi- 
blement ladite seconde tenperature cible d;echan- 
tillon. ledit courant composite regie est modif ie pour 
avoir sensiblement une tenrperature qui est la 
meme qiie ladite seconde temperature dble 
d'echantillon. 

10. Precede selon une ou plusieurs des revendications 
5^9. dans lequel lesdits plusieurs courants de 
fluide composants comprennent au moins un cou- 
rant de fluide composant k une temperature plus 
eievee que la temperature ambiante. et au moins 
un courant de fluide composant k une temperature 
plus basse que la tenperature ambiante. 

11. Precede selon une ou plusieurs des revendications 
5^9. dans lequel lesdits plusieurs courants de 
fluide composants comprennent trois courants 
composants, un courant de fluide conposant etant 
k une temperature plus eievee que la temperature 
ambiante, un courant de fluide composant etant k 
une temperature plus basse que la temperature 
ambiante et un courant de fluide composant etant 
un fluide ayant recircuie dans ledit environnement 
d'echantillon. 

12. Precede selon une ou plusieurs des revendications 
5 e 11, dans lequel ladite premiere temperature 
dble d'echantillon et ladite seconde temperature 
dble d'echantillon sent obtenues de fagon repeti- 
tive. 

1 3. Procede selon une ou plusieurs des revendications 
5^12, dans lequel ledit echantillon est un adde 
nucieique et dans lequel lesdites premiere et 
seconde temperatures cibles sent, respectivement, 
des premiere et seconde tenperatures cibles 
d'acide nucieique. 
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